A novel Gram-stain-negative, non-motile, rod-shaped and watermelon-red-pigmented aerobic bacterial strain, designated YIM 77969 
A novel Gram-stain-negative, non-motile, rod-shaped and watermelon-red-pigmented aerobic bacterial strain, designated YIM 77969 T , was isolated from a soil sample of Jiuxiang cave, a tourism cave located in Yiliang county, Yunnan province, south-west China. Phylogenetic analysis based on the 16S rRNA gene sequence indicated that strain YIM 77969 T belongs to the genus Hymenobacter, and was closely related to Hymenobacter tibetensis XTM003 T (96.58 %), Hymenobacter gelipurpurascens Txg1 T (96.02 %) and Hymenobacter xinjiangensis X2-1g T (95.80 %). Growth of strain YIM 77969 T occurred at 5-35 8C, at pH 5.0-9.0 and in the presence of 0-1 % (w/v) NaCl. The predominant menaquinone was MK-7.The major fatty acids were iso-C 15 : 0 , C 16 : 1 v5c and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The polar lipid profiles consisted of the major compound phosphatidylethanolamine, two unknown aminolipids, three unknown aminophospholipids, one glycolipid and one unknown polar lipid. Pigment analysis showed that the pigment belonged to the plectaniaxanthin series of carotenoid pigments. The genomic DNA G+C content was 55.2 mol%. On the basis of phylogenetic, phenotypic and chemotaxonomic characteristics, strain YIM 77969 T is considered to represent a novel species of the genus Hymenobacter, for which the name Hymenobacter mucosus sp. nov. is proposed. The type strain is YIM 77969 T (5KCTC 32567
The genus Hymenobacter was first described by Hirsch et al. (1998) , and is a member of the family Cytophagaceae in the phylum Bacteroidetes. Members of the genus Hymenobacter are Gram-stain-negative, rod-shaped and form pink-to red-pigmented colonies. The genus is well-known for its high DNA G+C contents (54-72 mol%) compared with other members of the family Cytophagaceae. Members of the genus Hymenobacter have been isolated from various environments, including deserts , vegetated soils (Hoang et al., 2013; Jin et al., 2014; Kim et al., 2008; Su et al., 2014; Zhang et al., 2011) , sandstones (Han et al., 2014; Hirsch et al., 1998) and wetland (Baik et al., 2006) . At the time of writing, the genus comprised 37 species (http://www.bacterio.net/hymenobacter. html; Parte, 2014) , including the recently described species 'Hymenobacter swuensis' , 'Hymenobacter humi' (Srinivasan et al., 2015) , Hymenobacter latericoloratus and Hymenobacter luteus (Liu et al., 2015) . During an investigation on the diversity of microbes in the karst environment in south-west China, one strain designated YIM 77969 T , was isolated and is shown to represent a novel species of the genus Hymenobacter.
Strain YIM 77969
T was isolated from a soil sample, collected from Jiuxiang cave, a tourism cave located in Yiliang county, Yunnan province, south-west China. The soil sample was collected with a sterile spoon, homogenized in a sterile sampling bag, and then transported to the laboratory without temperature control. The strain was isolated using the dilution plate method with Reasoner9s 2A agar (R2A) medium (Difco) and incubated at 28 8C for 2 weeks. Colonies were selected and repeatedly streaked onto the same medium to obtain pure cultures. Strain YIM 77969 T was routinely cultivated on R2A agar medium at 28 8C and stored as glycerol suspensions (20 %, w/v) at 280 8C. Biomass for chemical and molecular studies was obtained by cultivation on R2A agar medium or broth at 28 8C.
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene of strain YIM 77969 T were performed as described by Li et al. (2007) . The obtained sequence was compared with available 16S rRNA gene sequences of cultured species from the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/; Kim et al., 2012) . The obtained sequences were aligned using the CLUSTAL X program (Thompson et al., 1997) . Phylogenetic analyses were performed by using three tree-making algorithms, neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) , using the software package MEGA version 5.0 (Tamura et al., 2011 ). Kimura's two-parameter model was used to calculate evolutionary distance matrices of the neighbour-joining method (Kimura, 1980) . Bootstrap analysis was performed with 1000 replications (Felsenstein, 1985) . Flavobacterium aquatile ATCC 11947
T was used as an outgroup. Signature nucleotides that are highly conserved in every sequence or in a specific clade were identified in the alignment file that was generated using MEGA5 software (Escherichia coli sequence; Brosius et al., 1978) , consensus sequences were calculated by using BioEdit software (Hall, 1999) . DNA fingerprinting, such as REP, ERIC and BOX-PCR were performed as described by Bou et al. (2000) and Mishra et al. (2015) . The G+C content of the genomic DNA was determined by using the reversed-phase HPLC method (Mesbah et al., 1989) with E. coli DH5a as the reference strain.
Preliminary sequence comparison of the almost-complete 16S rRNA gene sequence (1420 bp length) of strain YIM 77969 T using the EzTaxon-e server showed that the strain was closely related to members of the genus Hymenobacter.
T showed the highest 16S rRNA gene sequence similarity to Hymenobacter tibetensis XTM003 T (96.58 %), followed by Hymenobacter gelipurpurascens T presented a different band to the closely related strains. The DNA G+C content of strain YIM 77969 T was 55.2 mol%, which is in accordance with the levels for the genus Hymenobacter. In order to determine the exact taxonomic position of strain YIM 77969 T , two type strains H. tibetensis XTM003 T and H. norwichensis NS/50
T were selected and used as reference strains during this study according to the phylogenetic inference.
Gram staining was carried out by using the standard Gram reaction and was confirmed by using the KOH lysis test method (Cerny, 1978) . The morphological properties of strain YIM 77969 T were observed by using light microscopy (BH-2; Olympus) and scanning electron microscopy (QUANTA200; FEI). For scanning electron microscopy, cultured cells were harvested after growth on R2A agar medium for 2 days at 28 8C, and were washed and suspended in 20 mM phosphate buffer (pH 7.0). The suspended cells were fixed with 2.5 % glutaraldehyde for 2 h and then sequentially dehydrated in a series of alcohol solutions (concentration 30 %, 50 %, 70 %, 90 % and 100 %, respectively). The dehydrated cell specimens were gold-coated and observed. The temperature range for growth was investigated on R2A medium at different temperatures (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 8C) . Growth at various pH (pH 4.0-10.0, at intervals of 1.0 pH unit) was tested using the buffer system as described by Xu et al. (2005) in R2A broth. The NaCl tolerance was determined on R2A medium supplemented with various concentrations of NaCl (0, 0.5, 1, 1.5, 2, 3 and 5.0 %, w/v). Growth was also evaluated on nutrient agar (NA), trypticase soy agar (TSA) and Luria-Bertani (LB) at 28 8C. Oxidation of carbon sources was tested using the Biolog GEN III MicroPlate according to the manufacturer's instructions. Oxidase activity was determined by the oxidation of tetramethyl-p-phenylenediamine (Kovacs, 1956) . Catalase activity was detected by assessing the production of bubbles on addition of a drop of 3 % (v/v) H 2 O 2 . Hydrogen sulfide production, hydrolysis of cellulose, starch and Tweens 20, 40, 60 and 80, and milk coagulation and peptonization were performed as described by Gonzalez et al. (1978) . Other enzyme activities and biochemical characteristics were additionally determined by using API ZYM and API 20 NE kits (bioMérieux) according to the manufacturer's instructions. Antimicrobial susceptibility testing was performed by the agardiffusion method using antibiotic-impregnated disks (Reddy & Garcia-Pichel, 2005) , with 100 ml bacterial suspension plated onto R2A agar medium. The following antibiotics were tested: amikacin (30 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), natilmicin (30 mg), novobiocin (5 mg), penicillin G (10 IU), polymyxin B (300 U), streptomycin (10 mg), tetracycline (30 mg), tobramycin (10 mg) and vancomycin (30 mg). Antimicrobial susceptibility was determined by measuring the zone of inhibition.
T was a Gram-stain-negative, non-motile and rod-shaped (0.4-1.061.3-2.4 mm; Fig. S4 ) aerobic bacterium. Colonies of strain YIM 77969 T were irregular, moist and watermelon-red-pigmented on R2A medium. The novel strain grew well on R2A, weakly on NA and Hymenobacter xinjiangensis X2-1g T (DQ888329)
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Hymenobacter deserti ZLB-3 T (EU325941) LB media, and no growth was observed on TSA. Growth of strain YIM 77969 T was observed in a wide range of temperatures (5-35 8C) with optimal growth at 20-30 8C. The pH range for growth was pH 5.0-9.0 with optimal growth at pH 6.0-7.0. NaCl was tolerated up to 1.0 % (w/v) with optimal growth at 0-0.5 % (w/v) NaCl. (Chung et al., 2010) . +, Positive; 2, negative; (+), weakly positive;
ND, not detected/not reported. Enzyme activity Esterase (C4) characteristics of strain YIM 77969 T are given in the species description.
Respiratory quinones were extracted and purified as described by Collins et al. (1977) and analysed by HPLC (Kroppenstedt, 1982) . The biomass for fatty acid analysis was harvested from cultures grown in R2A broth at 28 8C until the population quantity was half of maximum value. Cellular fatty acid methyl esters were prepared and analysed according to the standard protocol of the Microbial Identification System (Sherlock version 6.1; MIDI database: TSBA6). Polar lipids were extracted as described by Minnikin et al. (1979) and identified by two-dimensional TLC (Collins & Jones, 1980) . For pigment analysis, cells of YIM 77969
T grown on R2A agar medium were scraped off, suspended in methanol and pigments were extracted at 65 8C for 5 min. After removing cell debris by centrifugation at 6000 r.p.m. for 5 min, UVVis absorption spectra of methanolic extracts were determined using a UV-1700 spectrophotometer (Shimadzu); wavelengths from 200 nm to 800 nm were recorded at 0.5 nm intervals.
MK-7 was the only menaquinone component for strain YIM 77969 T . The major fatty acids (.10 %) of strain YIM 77969 T were iso-C 15 : 0 (42.9 %), C 16 : 1 v5c (16.8 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 12.0 %). The major fatty acid profile of strain YIM 77969 T was consistent with those described for the genus Hymenobacter. However, there were also some differences between strains YIM 77969 T , H. norwichensis NS/50
T and H. tibetensis XTM003 T (Table S1 ). The polar lipid profile of strain YIM 77969 T was composed of phosphatidylethanolamine, two unknown aminolipids, three unknown aminophospholipids, one glycolipid and one unknown polar lipid (Fig. S5) . Strain YIM 77969 T contains two unknown aminolipids which were absent in H. tibetensis XTM003 T . The pigment could be extracted into methanol and had absorption maxima at 447, 477 and 502 nm, indicating the pigment could be assigned to the plectaniaxanthin series of carotenoid pigments (Klassen & Foght, 2008 ).
In conclusion, on the basis of phylogenetic analysis, and phenotypic and chemotaxonomic differences with the most closely related type strains (Table 1) , strain YIM 77969 T represents a novel species of the genus Hymenobacter, for which the name Hymenobacter mucosus sp. nov. is proposed.
Description of Hymenobacter mucosus sp. nov.
Hymenobacter mucosus (mu.co9sus. L. masc. adj. mucosus slimy, a property of the colonies).
Gram-stain-negative, non-motile, rod-shaped (0.4-1.0 |1.3-2.4 mm) and aerobic. Growth is observed at 5-35 uC, pH 5.0-9.0 and in the presence of 0-1.0 % (w/v) NaCl. Positive for catalase, oxidase, milk coagulation and peptonization, and hydrolysis of Tweens 20, 40, 60 and 80. Negative for production of hydrogen sulfide and hydrolysis of cellulose and starch. According to the API ZYM system, positive for N-acetyl-b-glucosaminidase, acid phosphatase, alkaline phosphatase, a-chymotrypsin, cystine arylamidase, esterase (C4), esterase lipase (C8), agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase, leucine arylamidase, naphthol-AS-BI-phosphohydrolase, trypsin and valine arylamidase; negative for b-fucosidase, b-glucuronidase, lipase (C14) and a-mannosidase. In the API 20NE system, hydrolysis of aesculin and gelatin, galactosidase and assimilation of D-mannitol are positive, while nitrate reduction, production of indole, glucose fermentation, arginine dihydrolase, urease and assimilation of N-acetylglucosamine, adipic acid, L-arabinose, capric acid, D-glucose, malic acid, maltose, D-mannose, phenylacetic acid, potassium gluconate and trisodium citrate are negative. Positive reactions from the Biolog GEN III system for oxidation of acetic acid, acetoacetic acid, D-arabitol, aztreonam, dextrin, D-fructose, D-fucose, D-galactose, gentiobiose, maltose, D-mannose, melibiose, 3-methyl glucose, potassium tellurite, L-rhamnose, D-salicin, sodium butyrate and turanose; negative reactions for oxidation of other substrates in the GEN III system. MK-7 is the only menaquinone. C 16 : 1 v5c, iso-C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) are the major fatty acids (w10 %). Phosphatidylethanolamine is the major polar lipid. Pigment analysis shows the pigment belongs to the plectaniaxanthin series of carotenoid pigments.
The type strain YIM 77969 T (5KCTC 32567 T 5DSM 28041 T ) was isolated from a soil sample collected from Jiuxiang cave, a tourism cave located in Yiliang county, Yunnan province, south-west China. The genomic DNA G+C content of the type strain is 55.2 mol%.
